Plasmid pKP12226 was extracted and analyzed from a CTX-M-15-producing Klebsiella pneumoniae sequence type 11 (ST11) isolate collected in South Korea. The plasmid represents chimeric characteristics consisting of a pIP1206-like backbone and lysogenized phage P1-like sequences. It bears a resistance region that includes resistance genes to several antibiotics and is different from previously characterized plasmids from South Korea bearing bla CTX-M-15 . It may have resulted from recombination between an Escherichia coli plasmid backbone, a bla CTX-M-15 -bearing resistance region, and lysogenized phage P1-like sequences.
A lthough the spread of CTX-M-15 has mainly been associated with a high-risk clone of Escherichia coli sequence type 131 (ST131), Klebsiella pneumoniae isolates that produce CTX-M-15 are also disseminated worldwide (1, 2) . In particular, the K. pneumoniae ST11 clone has been reported to be the most predominant CTX-M-15-producing clone in many countries, including South Korea (3) (4) (5) . Similar to E. coli ST131, it has been observed that bla CTX-M-15 is usually located on IncF-type plasmids in K. pneumoniae isolates that produce CTX-M-15. Our previous studies have shown somewhat contradictory results on the evolution of the plasmid bearing bla CTX-M-15 in K. pneumoniae: while replicon typing of IncFII-type plasmids indicated that bla CTX-M-15 might not have been transferred directly from E. coli to K. pneumoniae, whole-plasmid analysis showed that bla CTX-M-15 -bearing plasmids from three different K. pneumoniae clones might result from recombination between a common plasmid backbone in K. pneumoniae and the resistance regions from plasmids of E. coli ST131 (6, 7) . However, previous studies did not analyze the plasmids of CTX-M-15-producing K. pneumoniae ST11, a disseminating clone present worldwide, including in South Korea.
In the present study, we determined the complete sequence of a plasmid carrying bla CTX-M-15 from a South Korean K. pneumoniae ST11 isolate, because the IncF-type plasmid of ST11 is the most prevalent in South Korea. We identified that the backbone of the plasmid is very similar to a plasmid of E. coli, and phage-like sequences were identified.
pKP12226 is a plasmid carrying bla CTX-M-15 from K. pneumoniae strain K01-12226 isolated from a patient with bacteremia in South Korea. The isolate was determined to produce CTX-M-15-type extended-spectrum ␤-lactamases (ESBLs) and was found in our previous study (2) to belong to ST11. Conjugation of the plasmid carrying the bla CTX-M-15 gene was accomplished by using E. coli strain J53 as a recipient, which is sodium azide resistant and plasmid free, as shown in previous studies (7, 8) . A Roche 454 genome sequencer FLX system (version 2.6) was used for wholeplasmid sequencing of plasmid pKP12226. A total of 51,656 sequence reads were generated, yielding a mean sequence coverage of 15ϫ. The sequencing reads were assembled into consensus de novo assembly contigs using the Roche 454 genome sequencer FLX software GSA assembler (version 2.6), yielding 5 contigs. Combinatorial PCR was used to fill gaps between the contigs. The analysis of plasmids was performed as in our previous study (7) . Gene sequences were compared and aligned using the Crossmatch 1.080812 software and Clustal W (http://www.ebi.ac.uk/Tools /msa/clustalw2) with a reference plasmid, pUUH239.2 (GenBank accession no. NC_016966.1). The plasmid pKP12226 was annotated using the Glimmer 3.0 system (http://ccb.jhu.edu/software /glimmer/index.shtml) and confirmed with the DNAman 5.2.10 software (Lynnon BioSoft) (GenBank accession no. KP453775).
The complete sequence of pKP12226 is a 267,645-bp circular molecule with a GϩC content of 50.0%. The plasmid belongs to the incompatibility group IncFIA and was predicted to harbor 243 protein-coding sequences (CDSs) and three tRNAs for threonine, asparagine, and lysidine synthase. Overall, the pKP12226 plasmid was composed of three parts: a pIP1206-like backbone, a resistance region, and phage-like sequences (Fig. 1) .
The region that is highly similar to that of the IncFI plasmid pIP1206 (GenBank accession no. AM886293.1) originated from an aminoglycoside-resistant E. coli isolate from Belgium (9) (Fig.  1 ) and was defined to be the backbone of pKP12226, which excluded phage-like sequences and the region bearing multiple resistance genes. Despite the distance between the geographical origin, species, and isolation year of the two strains, the backbone of the two plasmids shared 98% nucleotide sequence identity. Twenty-four highly conserved tra genes and other genes involved in conjugative transfer may contribute to the global dissemination of plasmids resembling pIP1206 and pKP12226 for the past decade. The plasmid backbone included two replication regions: the repA2-repA6-repA1 (RepAII-A) and repA2-repA6-repA1-repA4 (RepAII-B) replication protein gene pairs. The two replication regions showed 100% sequence identity with those of plasmid pIP1206.
The backbone region of pKP12226 consisted of a conserved transfer region, a raffinose operon, a gene cluster for the arginine deaminase pathway, and addiction systems that contribute to plasmid survival and maintenance. Four kinds of addiction systems were identified in pKP12226. Two postsegregational killing systems, ccdA-ccdB and pemI-pemK, and virulence-associated genes, vagC-vagD, were found at the same positions in pKP12226 and pIP1206. The toxic killing protein hok-mok system, which was not found in pIP1206, may contribute to plasmid stability and maintenance of the pKP12226 plasmid in the host strain.
On the other hand, the backbone of pKP12226 was different from that of the other plasmids of K. pneumoniae isolates from South Korea that have been characterized (7) . Three IncFII-type plasmids carrying bla CTX-M-15 from different K. pneumoniae clones (ST15, ST23, and ST48) contained the pKPN3 backbone and are considered to originate from the pUUH239.2 plasmid from Sweden. Thus, this study suggests that the plasmid from K. pneumoniae ST11 might derived from a different plasmid than other South Korean K. pneumoniae clones.
The replication protein cluster was followed by the antibiotic resistance region, which contains 11 antimicrobial resistance genes, including the IS26-ISEcp1-bla CTX-M-15 cluster (Fig. 1) . The macrolide resistance genes [mph(A), mrx, and mph(R)] and a chromate resistance gene (chrA) were flanked by an IS1 element. The genes providing resistance to sulfonamides (sul1), hydrophilic fluoroquinolones (qacE⌬1), aminoglycosides (aadA4), and trimethoprim (dfrA17) were also identified in the resistance region of pKP12226. The transconjugant was resistant to ceftriaxone (Ͼ64 mg/liter), cefotaxime (Ͼ64 mg/liter), ceftazidime (32 mg/liter), aztreonam (64 mg/liter), erythromycin (Ͼ64 mg/liter), ciprofloxacin (16 mg/liter), and trimethoprim-sulfamethoxazole (Ͼ64/1,216 mg/liter), which showed concordance with the array of resistance genes of the plasmid. However, it was susceptible to gentamicin and amikacin (both 4 mg/liter). These resistance profiles were similar to those of parental strain, K01-12226. Tn3, IS5075, and an integrase located upstream of bla TEM-1 in the resistance region share the sequences with a plasmid carrying the bla NDM-1 gene in a K. pneumoniae isolate from the United States (GenBank accession no. CP009116.1) and a plasmid of a multidrug-resistant environmental isolate, E. coli SMS-3-5 (GenBank accession no. CP000971.1). The 6-kb segment including genes responsible for tetracycline resistance (tet cluster) was identical to that of pIP1206. In addition, the same sequences corresponding to mph2-mrx-mphR-tnpA6100-chrA-sul-quaE⌬1-aadA-dfrA17 of our plasmid were found in pUUH239.2. In contrast to the backbone region, this resistance region shared only a few genes with pIP1206. In addition, the resistance region of pKP12226 is only partially similar to the pKP09085 plasmid of the K. pneumoniae ST48 isolate from South Korea (7). Thus, the resistance region of pKP12226 might originate from a different plasmid than the backbone and might also have a different origin than the other CTX-M-15-producing K. pneumoniae plasmids.
In this study, we identified phage P1-like sequences upstream of a pIP1206-like backbone. A 94-kb region of the pKP12226 plasmid with a GϩC composition of 48.0% showed high similarity with phage P1 (99% sequence identity), which was predicted to encode Ն101 protein-coding sequences, including three tRNAs. The presence of phage sequences in the parental strain not incorporated in the process of transconjugation was confirmed by specific PCR using primers at both ends of the phage-like region, in which one primer is in the phage-like region and the other is in the backbone or resistance region, using the plasmid isolated in the parental strain as the template. The inversion in the backbone region in comparison with pIP1206 ( Fig. 1) was also confirmed by a similar method. NCBI BLASTn analysis revealed that this phage P1-like region in pKP12226 shared 98% nucleotide sequence identity with that of plasmid p0111_2 (GenBank accession no. AP010962.1), which was nearly identical to phage P1 in an enterohemorrhagic E. coli isolate from a patient in Japan (10) . In addition, the replication protein RepA identified in the phage P1-like sequence was identical to that of bacteriophage P1 (GenBank accession no. NC_005856.1) from E. coli and other enteric bacteria.
Phages are considered to play an important role in the horizontal transfer of DNA between microorganisms, as they can transfer resistant genes, mobile elements, and even plasmids. Recently, phage-like sequences were reported in plasmids from E. coli and Acinetobacter baumannii isolates (10) (11) (12) . Because these phage P1-like sequences were not present in pIP1206, they might incorporate into a plasmid of a K. pneumoniae ST11 isolate. The majority of the phage P1 genome was well conserved in pKP12226. Genes related to replication, tail proteins, morphogenetic proteins, addiction systems, packing proteins, lytic proteins, regulatory proteins, and hypothetical proteins of the phage were detected in the pKP12226 plasmid. However, most of the phage P1 sequences might be lysogenized, and its 16 protein-coding genes were missing in pKP12226.
Three tRNAs of phage P1 (tRNA-Asn, tRNA-Thr, and tRNAIle) were also found in plasmid pKP12226. Highly conserved tRNA loci in bacteria are target sites for the insertion of mobile elements (13) . Thus, the three tRNAs are speculated to be the sites of genetic recombination. Actually, gene deletion and recombination events were found near the tRNAs in pKP12226 (Fig. 1) . Additionally, IS2 insertions occurred in pKP12226 only and might play an important role in recombination between the plasmid and the phage. In summary, this work provides the complete sequence of the IncFI-type plasmid pKP12226 from K. pneumoniae ST11, a prevailing worldwide clone. The large pKP12226 plasmid resulted from the recombination between phage P1-like sequences, a backbone similar to pIP1206 of E. coli from Belgium, and a resistance region that includes 11 resistance genes. This plasmid might have a different origin from that of other prevailing CTX-M-15-producing K. pneumoniae clones in South Korea. This may be the first report that most phage sequences were lysogenized into a plasmid.
Nucleotide sequence accession number. The annotated sequence of pKP12226 has been submitted to GenBank under accession no. KP453775.
